We have attempted to differentiate neural from humoral environmental factors as the cause of altered arterial muscle membrane properties in spontaneously hypertensive rats (SHR). This laboratory has previously reported that alterations in membrane electrical properties appear to be responsible for increased NE sensitivity in caudal arteries from SHR. In this study, caudal arteries were transplanted into innervated or denervated anterior eye chambers of the same (KNR in KNR, SHR in SHR) or the opposite (KNR in SHR, SHR in KNR) strain. Seven weeks later, we measured membrane potential (E.J and norepinephrine (NE) contractile sensitivity (ECeo) in both transplanted and host caudal arteries. Caudal arteries from 2-week-old donor animals transplanted into hosts reinnervated and developed Em and NE ECoo values characteristic of the host strain, interconverting between SHR and KNR characteristics in cross-transplantations. In other experiments, the superior cervical ganglion ipsilatf ral to the transplanted eye chamber was removed 1 day before transplantation to eliminate the Influence of sympathetic nerves. En, values were the same in transplants denied sympathetic innervation whether the arteries were transplanted into the same or opposite strains. Although denervation increased NE sensitivity of KNR caudal arteries, sensitivity of arteries from the SHR strain was unchanged. Therefore, without sympathetic reinnervation, there was no interconversion of E m or NE ECio characteristics between SHR and KNR by cross-transplantation. These results suggest that neural factors control the development of membrane properties of vascular muscle. It appears that the sympathetic nervous system of the SHR has altered trophic influences that contribute importantly to altered membrane properties in hypertension.
ALTERATIONS in membrane electrical properties of arterial muscle cells may be an important mechanism for increased norepinephrine sensitivity in the spontaneously hypertensive rat (SHR). Membrane potential (E m ) of caudal arteries from SHR and Kyoto-Wistar normotensive rats {KNR) measured in the cold (at 16°C), a procedure which largely inhibits active ion transport, revealed a less negative E m of the SHR due to a smaller K + gradient (Hermsmeyer, 1976) . Decreased K + electrochemical gradient and the associated increased dependence of resting E m on ion transport that moves net positive charge out of the cell (is electrogenic) can explain increased sensitivity to norepinephrine (NE) found in the SHR (Hermsmeyer, 1976) .
We have recently attempted to determine whether altered membrane electrical properties in SHR are inherent in muscle cells, the result of neural or humoral environmental factors, or a response to elevated arterial pressure, using crosstransplantation of caudal arteries from SHR or genetically matched KNR into the anterior eye chamber of KNR or SHR host animals (Campbell, et al., 1981) . Alterations in membrane electrical properties of the SHR were not inherent in SHR vascular muscle cells or due to elevated pressure, but rather were produced by external neurohumoral influences.
The purpose of this study was to determine whether altered membrane electrical properties and NE sensitivity of SHR are due to neural or humoral factors.
Methods
Caudal arteries were obtained from male SHR and their genetically matched KNR from the colony maintained by brother-sister mating at the University of Iowa. Systolic pressure was measured using the tail cuff method on 12-to 14-week-old host animals before the transplantation procedure (mean systolic pressure = 120 ± 4 and 161 ± 5 in KNR and SHR, respectively) and before sacrifice 7 weeks later (mean systolic pressure = 129 ± 5 and 174 ± 6 in KNR and SHR, respectively). Systolic pressure of 2-week-old animals is similar in donor SHR and KNR, based on direct measurements that show that blood pressure does not become greater in SHR than KNR until the age of 4 weeks (Lais et al., 1977) .
Transplantation to the Anterior Eye Chamber
Caudal arteries were removed from 2-week-old donor animals and placed in sterile ionic solution VOL.49, No. 6, DECEMBER 1981 for mammals (ISM) (composition in ITIM: NaCl, 130; NaHCO 3) 16; NaH 2 PO 4 , 0.5; KCL 4.7; CaCl 2) 1.8; MgCl 2 , 0.4; MgSO*, 0.4; Hepes, 13; dextrose, 5.5; and CaNa2 ethylenediaminetetraacetic acid, 0.029), with 50 ^g/ml gentamicin added. The pH was 7.4. The 12-to 14-week-old host animals were anesthetized with intramuscular injections of fentanyl (0.3 mg/kg) and droperidol (5 mg/kg), followed by ether inhalation, and intraperitoneal injection of 2 mg/kg atropine to cause mydriasis. The eye was rinsed with sterile ISM, the cornea was slit with a sterile blade (Malmfors et al., 1971 ) and a 4-mm-long segment of donor caudal artery was prepared. The donor caudal artery was threaded gently through the corneal incision into the anterior eye chamber and then moved on top of the dilated iris by external pressure on the cornea. The eye was rinsed with sterile ISM and then treated with Polysporin ophthalmic antibiotic ointment (Burroughs-Wellcome). Seven weeks after transplantation, the animals were anesthetized with sodium pentobarbital (30 mg/kg, ip), and the eyeball containing the transplant and the caudal artery of the host animal were removed.
Superior Cervical Ganglionectomy
For denervation experiments (prevention of reinnervation), one superior cervical ganglion, which could be visualized as a small bead on the sympathetic nerve located near the carotid bifurcation, was removed from the host animals under anesthesia. After 24 hours, donor caudal arteries were transplanted into the ipsilateral (denervated) anterior eye chamber.
Fluorescence Histochemistry
Transplants were removed from the iris, frozen in liquid propane cooled with liquid nitrogen, and processed according to the method of Falck et al. (1962) . After freeze-drying and incubation in paraformaldehyde vapor, the arteries were vacuum embedded in Paraplast Plus and sections were cut for fluorescence microscopy. All preparations were examined with a Leitz Orthoplan fluorescence microscope using incident light excitation at 490 nm and a 515-nm long-pass filter.
Electrical Measurements
Glass microelectrodes, filled with 3 M KCl and suspended from 25 fig Ag wire, were used to record E m . The anterior eye chamber transplant as well as the host caudal artery were removed and pinned side-by-side in a muscle chamber of 1 ml volume. The arteries were continually suffused without recirculation at a rate of 3 ml/min with ISM which was gassed with 95% O 2 and 5% CO 2 . Measurements of E m were made at either 37°C, or at 16°C (to suppress electrogenic ion transport and reveal the relative K + electrochemical gradient). One hour after in vitro denervation with 6-hydroxydopamine (6-OHDA) (Aprigliano and Hermsmeyer, 1976) , the muscle cells were impaled from the adventitial surface. An equal number of cell impalements with the same microelectrode were performed alternately on the transplant and the host caudal artery to eliminate variability introduced by different microelectrodes. Values for E m in transplanted and host caudal arteries were compared using a general linear model (SAS Institute, 1979) . In all cases, the 0.01 confidence level was accepted as significant for group (protected t-teat) comparisons and 0.05 for paired t-test comparisons.
Tension Measurements
The host and the transplanted caudal artery were removed for mounting in a muscle chamber of 3 ml volume maintained at 37°C and continuously suffused with ISM at a rate of 3 ml/min. The ISM was gassed with 95% O 2 , 5% CO 2 and had a pH of 7.4. The small size of the transplant and the collapse of its lumen required both host and transplanted caudal arteries to be mounted in the muscle chamber for measurement of tension in the long axis of the vessel. Because the transplants developed maximum tensions which ranged from 10 to 50 dynes, an Aksjeselskapet Mikro-Elektronikk transducer element capable of accurately measuring tension changes of 1 dyne (equivalent to 0.98 mg mass at sea level) was used. Recordings of isometric tension were made with the transducer element connected to a bridge circuit with 2 W-P Instruments VF1 voltage followers for recording on a Brush 220 recorder. Cumulative frequency-response curves for some host and transplanted caudal arteries were measured with a Grass stimulator connected to a pair of platinum wire electrodes parallel to the vessel segments. Square pulses of 0.5 msec duration with frequencies of 0.25-16 Hz at supramaximal voltage were applied for periods just long enough (30-90 sec) to produce a plateau response in 56 of the arteries; all other arteries were stimulated only at a frequency of 10 Hz for 30 seconds. Following measurement of the response to nerve stimulation, caudal arteries were treated for 10 minutes with 6-OHDA (300 /zg/ml) (Aprigliano and Hermsmeyer, 1976) , including protection from released norepinephrine (NE) by 1 /IM phentolamine. The destruction of adrenergic nerve terminals produced by this treatment was intended to eliminate any influence of neuronal NE uptake or release in the measurement of dose-response curves. Sixty minutes after 6-OHDA treatment, cumulative dose-response curves to NE were generated. Dose-response curves were plotted and EC«> values determined using a computer program for sigmoid curve fit. The results are expressed as geometrical mean ECso values with 95% confidence intervals based on the normal distribution of log concentrations (Fleming et al., 1972) . Data were compared using the general linear model (SAS Institute, 1979) with the 0.01 confi-dence level accepted as significant for group (protected £-test) comparisons and 0.05 for paired t-test comparisons.
Results

Field Stimulation and Histochemistry
There was no significant difference in the response to nerve stimulation in transplanted and host caudal arteries of KNR and SHR (Fig. 1 ). In addition, there was no difference in response to nerve stimulation between SHR and KNR strains. In all cases, responses to nerve stimulation were eliminated by subsequent in vitro treatment with 6-OHDA. Nine nominally innervated caudal artery transplants which did not respond to nerve stimulation (0.5 msec, 10 Hz) were not used. Fluorescence histochemistry indicated that transplants included in the data (n = 24) were reinnervated in a normal pattern, with catecholamine-containing nerves localized to the adventitial-medial border. Nominally innervated transplants that did not show dense catecholamine fluorescence (n = 14) were eliminated from this study.
In contrast to innervated arteries, vessels that had been denervated for 7 weeks showed little or 
FIGURE 1
The response to nerve stimulation of caudal arteries from hosts, transplants, and denervated transplants shows functional innervation or lack ofinnervation. Cumulative frequency-response curves for these three groups in caudal arteries from KNR and SHR are shown. Since there was no significant difference in the response to nerve stimulation between KNR and SHR, the data from the two strains were combined. In 56 arteries, cumulative frequency-response curves were generated. All other arteries were stimulated only at a frequency of 10 Hz for 30 seconds. There was no significant difference in the response to nerve stimulation between the hosts and the innervated transplants, while the denervated transplants did not respond to stimulation. The number of arteries for frequency-response curves is given in parentheses, stimulation points represent mean values, and vertical lines indicate standard errors. The transplantation period was always 7 weeks. no response to nerve stimulation even at high stimulation frequencies (Fig. 1) . Fluorescence histochemistry in denervated arteries (n = 26) indicated virtually complete elimination of catecholamine fluorescence. Nominally denervated arteries that showed catecholamine fluorescence (n = 7) or responded to nerve stimulation (0.5 msec, 10 Hz) (n = 6) were not used.
Comparison of Reinnervated Transplants with Host Arteries
Membrane Potential
Data from measurements of E m at 16°C of caudal artery transplants compared with their host rat caudal arteries are presented in Figure 2 , A-D. KNR transplanted into the same strain retained the larger E m which is characteristic of that strain ( Fig. 2A In contrast, SHR cross-transplanted into KNR hosts developed the greater value of Em at 16°C ( Fig. 2D ) which is characteristic of the KNR strain. Arteries from KNR cross-transplanted into SHR hosts developed the smaller value of E m characteristic of SHR ( Fig. 2B ). Thus, like the SHR, vessels from KNR developed E m characteristic of the host strain; i.e., the neural and humoral environment of the host animal appeared to interconvert development of membrane electrical properties of transplanted caudal arteries between KNR and SHR strains ( Table 1 , pairings 2 and 4).
Norepinephrine Sensitivity
Dose-response curves for NE were measured in the same transplanted and host caudal arteries. Figure 2 , E and G, and Table 1 (pairings 1 and 3) show that the transplantation procedure itself had no significant effect on the ECK, of transplanted KNR or SHR arteries. The characteristic >2-fold greater NE sensitivity of SHR than KNR caudal arteries was demonstrated (Table 2, first two lines). Cross-transplantation of KNR caudal arteries into SHR hosts gave the smaller ECso values characteristic of the SHR artery (Fig. 2F ). Cross-transplantation of SHR caudal arteries into KNR hosts showed conversion to the larger ECso that is characteristic of KNR artery (Fig. 2H) . Thus, caudal arteries cross-transplanted into host animals with functional sympathetic innervation showed conversion of both membrane electrical properties and sensitivity from that characteristic of the donor strain to that of the host strain (Table 1 , pairings 2 and 4).
Effect of Preventing Reinnervation
Membrane Potential Figure 3 shows results of caudal artery transplantation without sympathetic reinnervation (the su- In cross-transplants, ganglionectomy prevented the donor-to-host conversion of E m found in innervated transplants but did not prevent conversion of NE sensitivity. Asterisks indicate transplants significantly different from host caudal arteries by paired ttest (P < 0.05). For values ofE m , SE, EC M , 95% confidence intervals, number of paired arteries, and number of impalements, see Table 1. perior cervical ganglion which would have reinnervated the transplant had been removed). Figure 3 , A-D, and ( Fig. 3D, Table 1, pair 8 ). There was no significant difference in E m at 16°C between any of the transplants in ganglionectomized hosts (Table 2) . For each group, the E m at 16°C of the ganglionectomized transplant was significantly greater than the pooled E m of the innervated SHR, and except for the SHR cross-transplanted into KNR, the other three groups gave E m values that were not significantly different from the pooled Em of the innervated KNR (Table 2 ). In all cases, ganglionectomized transplants developed E m at 16°C intermediate between innervated SHR and WKY.
There was no significant difference in E m at 37 °C between any two groups of caudal arteries from the SHR and KNR (Table 2 ). E m at 37°C was the same in all paired comparisons of hosts and transplants or cross-transplants (Table 3 ). In addition, there was no difference in E m at 37° comparing any two of the four groups of transplants, whether into the same or the opposite strain (Table 3) . Figure 3 , E-H, and Table 1 , pairings 5-8, show NE EC50 values found in both hosts and transplant caudal arteries. Transplantation of a KNR artery into a ganglionectomized KNR host produced a 1.8fold increase in NE sensitivity of the transplant (Fig. 3E; Table 1 , pair 5). In contrast, SHR arteries transplanted into ganglionectomized SHR hosts failed to change NE EC50 values ( Fig. 3G; Table 1 , pair 7). Ganglionectomy thus caused a significant increase in NE sensitivity in the KNR but not the SHR artery.
Norepinephrine Sensitivity
Cross-transplants of KNR arteries into ganglionectomized SHR hosts showed no difference between the NE EC50 of the KNR transplant and the SHR host ( Fig. 3F; Table 1, pair 6 ). In this case, ganglionectomy alone resulted in increased sensitivity of the KNR transplant (as in Fig. 3E ), but the environment of the SHR host did not cause additional change. SHR caudal arteries cross-transplanted into ganglionectomized KNR hosts were significantly more sensitive to NE than the KNR host arteries (Fig. 3H; Table 1, pair 8) . However, the NE sensitivity of the SHR transplant was the same whether in the same (Fig. 3G ) or the opposite (Fig. 3H ) strain. As shown in Table 2 , there was no difference in NE sensitivity comparing any two groups of denervated transplants, although all were VOL. 49, No. 6, DECEMBER 1981 different from innervated KNR. Thus, only the KNR innervation appeared to attenuate NE sensitivity.
Comparison of Reinnervated vs. Denervated Transplants
The influence of the sympathetic nervous system on the development of E m at 16°C in transplanted caudal arteries is illustrated in Table 1 or by comparing Figure 2 , A-D, with Figure 3 , A-D. Ganglionectomy had no effect when KNR caudal arteries were transplanted into KNR hosts, since the Em were not significantly different (cf. pairings 1 and 5). On the other hand, SHR transplanted into ganglionectomized SHR hosts developed Em values that were significantly greater than in the reinnervated SHR transplant (cf. pairings 3 and 7), suggesting that, in the SHR, sympathetic innervation affects the development of E™ at 16°C. In both cross-transplants of KNR into SHR or SHR into KNR, sympathetic reinnervation was responsible for the level of E m at 16° developed by the transplant, with interconversion of Em from values associated with the donor to those of the host (cf. pairings 2 and 6, pairings 4 and 8). In contrast, ganglionectomy had no effect on the development of E™ at 37°C (Table 2) . At 37°C, there was no difference in E m between innervated host arteries and transplants, whether caudal arteries were transplanted within the same strain or cross-transplanted (Table 3) . Thus, Em at 37°C did not reveal differences due to sympathetic innervation in either KNR or SHR arteries.
Comparison of Figure 2 , E-H, with Figure 3 , E-H, and with Table 2 shows that the sympathetic reinnervation also influenced NE sensitivity of caudal artery transplants. Ganglionectomy produced a 1.7-fold increase in sensitivity of KNR transplants, but no change in sensitivity in SHR transplants ( Table 2) . As shown in Figure 4 and Table 2 , ganglionectomy increased the sensitivity only in the KNR strain. There was no significant difference in NE sensitivity among the three other groups, i.e., denervated KNR, innervated SHR, and denervated SHR. In cross-transplants of KNR into SHR, either reinnervation or ganglionectomy resulted in increased sensitivity of the KNR transplant ( Figs. 2F  and 3F ). On the other hand, SHR caudal arteries cross-transplanted into ganglionectomized KNR hosts gave ECso values 3.1 times smaller than when reinnervated by KNR ( Fig. 2H vs. 3H ; Table 1 , pairings 4 and 8).
Discussion
As transplanted caudal arteries are exposed to both the neural and humoral environment of the host animal, we earlier suggested that one or both of these factors may be responsible for the interconversion of membrane electrical properties of young transplants (Campbell et aL, 1981) . In the present experiments, we have also demonstrated that young transplant sensitivity to NE determined by contraction is interconverted by cross-transplantation, hi addition, prevention of reinnervation by removal of the superior cervical ganglion allowed us to determine that cross-innervation led to interconversion of both membrane properties (Em electrogenesis and NE sensitivity).
The evidence presented demonstrates that caudal arteries transplanted into the anterior eye chamber develop membrane K + gradients and sensitivity to NE typical of the host animal only if there is sympathetic reinnervation. Caudal arteries from 2-week-old donors reinnervated and developed membrane potential and adrenergic sensitivity demonstrating SHR/KNR interconversion by cross-innervation. We earlier showed that arteries from 12-week-old donors reinnervate-but do not interconvert-membrane electrical properties in cross-transplantations (Campbell et al., 1981) .
There was no difference in Em at 37° C between innervated and denervated caudal arteries from either SHR or KNR strains, as previously reported (Hermsmeyer, 1976) . Thus, E^ at 37°C does not reveal membrane property differences between strains. However, a difference between the SHR and KNR due to differences in sympathetic innervation is seen when comparing Em at 16° C of innervated and denervated SHR and KNR transplants. There was no significant difference in En, at either temperature between innervated and denervated KNR when transplanted within the same strain, suggesting that removal of the sympathetic nervous system does not influence the development of Em in KNR. The difference between innervated and denervated KNR cross-transplants, therefore, is due to a difference in sympathetic innervation from the SHR host rather than a direct effect of ganglionectomy itself. The fact that SHR cross-transplanted into denervated KNR hosts did not show the development of altered En, associated with hypertension suggests that different trophic factors in the SHR sympathetic nervous system may be responsible for the membrane alterations.
Although the role of the sympathetic nervous system in the established phase of hypertension is not clear, there is strong evidence in support of its involvement in the development of various forms of hypertension. Intracisternal administration of 6-OHDA to young SHR in the early phase of hypertension inhibited the increase in blood pressure, whereas no effects were found when 6-OHDA was given to animals in the established phase (Haeusler et al., 1972) . 6-OHDA given subcutaneously to neonatal SHR to produce neonatal sympathectomy prevented the development of hypertension for up to 12 months (Provoost and De Jong, 1978) . Immunosympathectomy has also been shown to inhibit the development of hypertension in the SHR (Folkow et al., 1972) . These data support the hypothesis that an intact sympathetic nervous system is essential for the development of hypertension in the SHR. In within-strain transplants when sympathetic reinnervation is prevented, only the SHR fail to develop Em values at 16 °C characteristic of that strain (Hermsmeyer, 1976) . Thus, the presence of an intact sympathetic innervation appeared necessary for the development of the SHR Em characteristic. Elimination of the sympathetic nervous system at an early age may prevent the rise in arterial pressure by preventing alterations in membrane electrical properties. The sympathetic nervous system may also exert a trophic influence on the chemical sensitivity of effector cells (for reviews see Fleming et al., 1973; . When smooth muscles are deprived of normal innervation, they become more sensitive to neurotransmitters and other agents. This nonspecific increase in sensitivity of effector cells has been termed postjunctional supersensitivity. This phenomenon has been observed in a variety of vascular muscles including the rat portal vein (Aprigliano and Hermsmeyer, 1977; Abel et al., 1980) , rabbit saphenous artery (Abel et aL, 1976) , and rabbit ear artery (Bevan and Tsuru, 1979) . In addition, depolarization of the resting Em has been found to be associated with postjunctional super-sensitivity in both vascular (Abel et aL, 1976; Aprigliano and Hermsmeyer, 1977; Abel et al., 1980) and nonvascular (Fleming and Westfall, 1975; Urquilla et al., 1978) smooth muscles. The present study also demonstrates a postjunctional increase in sensitivity to NE of transplanted KNR caudal arteries when sympathetic innervation was eliminated. Since all caudal arteries were acutely denervated in vitro by 6-OHDA, this increase in sensitivity to NE must be due to an alteration in the vascular muscle itself rather than to prejunctional supereensitivity. However, there was no change in Em at 37°C associated with poatjunctional supersensitivity in caudal arteries from either the KNR or the SHR strain. Thus the greater sensitivity of the denervated KNR caudal artery is not due to a depolarized resting Em.
It is not surprising that the change in Em and sensitivity of KNR and SHR transplants were affected differentially by denervation. Coupling between excitation and contraction in vascular smooth muscle involves a number of cellular processes, including interaction of agonist with receptors, depolarization of the cell membrane, increase in cytoplasmic free Ca 2+ from either extracellular and/or intracellular stores, phosphorylation and the interaction of free cellular Ca with contractile proteins. The sympathetic nervous system may control some or all of these processes to alter the contractile response and thus the sensitivity of muscle cells. Changes in both Em (Aprigliano and Hermsmeyer, 1977; Abel et al., 1980) and calcium influx (Kaiman and Shibata, 1978) have been observed in denervated vascular muscle. In addition, Bevan (1975) has reported that.ehronic sympathetic denervation reduced the number of proliferating muscle cells in the rabbit ear artery, suggesting that sympathetic innervation may modulate the growth of vascular muscle. As reviewed by Fleming et al. (1973) , postjunctional superaensitivity of smooth muscle appears to be due to alterations in a number of the cellular processes which control contraction. The greater sensitivity of the SHR strain may also be the result of changes in one or a number of the processes coupling excitation to contraction. Changes in membrane electrical properties (Hermsmeyer, 1976) , ion transport (Jones, 1973; Friedman, 1976) , calcium distribution (Webb and Bhalla, 1975) , and wall-to-lumen ratio (Folkow, 1973) have been demonstrated in the SHR. Thus, the complexity of the contractile response and the trophic effect of the sympathetic nervous system, contributing to both postjunctional supersensitivity and other changes related to hypertension, complicate the interpretation of NE sensitivity changes in denervated cross-transplants. In this regard, the measurement of E m is leas complicated, compared with measurement of NE sensitivity. Elm is composed of fewer factors than contraction, which makes this measurement less variable, which may explain why changes in E m in cross-transplants are much more pronounced than changes in sensitivity to NE. VOL. 49, No. 6, DECEMBER 1981 If a trophic effect of sympathetic nerves is responsible for postjunctional NE sensitivity, then a vessel with sparce sympathetic innervation should show little change in sensitivity when sympathetic nerves are eliminated. In rat aortic strips, which contain almost no sympathetic nerves, Mailing et al. (1971) -using in vivo denervation with 6-OHDA-found no change in NE sensitivity. In contrast, in the present study using the densely innervated caudal artery, we found evidence for a trophic effect of sympathetic innervation that significantly increased NE sensitivity. Perhaps as a result, we found increased sensitivity to NE in densely innervated SHR caudal artery in these and previous experiments (Hermsmeyer, 1976) , while in the sparsely innervated aorta, no SHR/KNR difference in NE sensitivity was observed (Clineschmidt et al., 1970 , Hallback et al., 1971 . These findings support the idea that the sympathetic nervous system, through a trophic influence, contributes to development of the greater NE sensitivity characteristic of hypertension in the SHR.
We have demonstrated that a trophic effect of the sympathetic nervous system appears to be primarily responsible for the development of the altered membrane properties characteristic of the hypertensive strain. A difference in the trophic influence of the sympathetic nervous system revealed itself through both E m and NE sensitivity changes that lead to increased vasoconstriction. A sympathetic trophic effect thus appears to be one of the causative factors in development of hypertension in SHR.
